from different terrestrial and aquatic environments, mainly with moderately to high salt concentrations and/or alkaline pH (Ventosa et al., 1989; Arahal et al., 2001a, b; Quillaguamán et al., 2004a) .
This report describes the phylogenetic and phenotypic characterization of isolate LIT2 T , obtained with two phylogenetically closely related strains (LIT3 and LIT4) from oilfield-water injection samples collected in the south of Tunisia. Based on the physiological and phylogenetic characteristics presented, we propose a new genus and species to accommodate strain LIT2
T .
Samples were collected in sterile glass bottles from different water injections of oilfields located in the Sidi Litayem area near Sfax (Tunisia) and stored in the dark at 4 u C until use. Enrichments were performed with a basal medium containing (l 21 distilled water) 100 g NaCl, 0.3 g KH 2 PO 4 , 0.3 g K 2 HPO 4 , 1 g NH 4 Cl, 0.33 g MgCl 2 . 6H 2 O, 0.1 g CaCl 2 , 1 g yeast extract and 1 ml trace-element solution (Widdel & Pfennig, 1981) . The pH was adjusted to 7.2 with a 10 M KOH solution. Aliquots of 25 ml were dispensed into flasks and sterilized by autoclaving at 121 u C for 20 min. Substrates were injected from concentrated sterile stock solutions to obtain the expected final concentration to check the need of the strains for other organic substrates. Samples (2.5 ml) from oilfield-water injections were used to inoculate 25 ml basal medium supplemented with 1 % crude oil as a carbon source. The cultures were then incubated at 37 u C under agitation at 150 r.p.m. Each enrichment culture was subcultured several times under the same conditions prior to isolation. For isolation, aliquots (100 ml) of 10 21 to 10 210 dilutions were plated onto 1 % crude-oil agar basal medium and incubated overnight at 37 u C. Single colonies, originating from different water-injection exhausts and belonging to the same oilfield biotope, were picked and used for screening.
For all experiments, basal medium containing 1 g yeast extract l 21 was used. The pH of the medium was adjusted with 5 M HCl or 10 M KOH to obtain a range between pH 4 and 11. Different amounts of NaCl were weighed directly in flasks prior to dispensing 25 ml medium to obtain the expected NaCl concentration (range 0-250 g l 21 ); the pH was then readjusted after having added salt in each flask. The temperature range for growth was analysed between 15 and 55 u C (5 u C intervals). Nine strains were isolated from the different enrichment cultures initiated with crude oil. All strains were routinely cultured and maintained in the basal medium supplemented with 1 % crude oil, as described below. Three strains, LIT2 T were used as references for phenotypic characteristics. These micro-organisms were cultivated under the same conditions. Optical and electron microscopy were performed as described by Abdelkafi et al. (2005) . For heat resistance, cells grown in basal medium containing yeast extract were exposed to temperatures of 80, 90 and 100 u C for 10 min (Abdelkafi et al., 2006a) . The cells were cooled quickly to room temperature and then inoculated into fresh glucosecontaining medium and growth was recorded after 24 h of incubation at 37 u C under agitation (150 r.p.m.).
The Gram reaction was determined by using the bioMérieux Gram stain kit according to the manufacturer's instructions. Catalase activity was determined by bubble production in 3 % (v/v) hydrogen peroxide solution. Oxidase activity was determined by oxidation of 1 % p-aminodimethylaniline oxalate. Other phenotypic characters, including morphological, physiological and biochemical tests, were determined as described previously (Yoon et al., 2001; Romanenko et al., 2003; Quillaguamán et al., 2004a; Abdelkafi et al., 2005) . Enzyme activities were examined by using the API ZYM system (bioMérieux). Resistance to antibiotics was determined on MuellerHinton agar (Difco 0252; Becton Dickinson) with standard antibiotic discs (bioMérieux). Inhibition diameters were recorded after 24 h of incubation at 37 u C under aerobic conditions. Classification of the strain as sensitive, not sensitive or intermediately sensitive to the antibiotics was proposed according to the disc-manufacturer's instructions (bioMérieux). Fatty acid methyl esters were analysed using the standard procedure of the Microbial Identification System (Microbial ID) and compared to the fatty-acid database. For fatty acid methyl ester analysis, bacteria were grown on blood agar at 30 uC. Bacterial growth was followed by measuring turbidity at 600 nm by using a Shimadzu model UV 160A spectrophotometer as described by Abdelkafi et al. (2006b) .
The G+C content of the DNA was determined by the DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany) using HPLC as described by Mesbah et al. (1989) . DNA was extracted from nine different isolates, including strain LIT2 T , according to the protocol described for the Wizard Genomic DNA purification kit (Promega). The 16S rRNA genes of these isolates were amplified by using primers Fd1 (59-AGAGTTTGATCCTGGCTCAG-39) and 1525R (59-AAGGAGGTGATCCAGCC-39) under the following reaction conditions: 1 min at 96 u C, 30 cycles of 20 s at 96 uC, 30 s at 55 uC and 2 min at 72 uC and a final elongation step for 5 min at 72 uC. PCR products were then cloned into the pGEM-T Easy vector (Promega) according to the manufacturer's protocol. Recombinant clones with inserts of the expected length were sequenced by using the vector-specific primers SP6 (59-ATTTAGG-TGACACTATAGAA-39) and T7 (59-TAATACGACTCAC-TATAGGG-39) (Genome Express). Plasmids containing inserts of the expected length were isolated using the Wizard Plus SV Minipreps DNA purification system (Promega) according to the manufacturer's protocol and purified plasmids were sent for sequencing to GATC (Konstanz, Germany). Sequence data were imported into the sequence editor BioEdit version 5.0.9 (Hall, 1999) ; base calling was examined and a contiguous sequence was obtained. The full sequence was aligned by using the RDP (version 8) Sequence Aligner program (Maidak et al., 2001) and adjusted manually to conform to the 16S rRNA secondary-structure model (Lane et al., 1985) . A nonredundant BLAST search (Altschul et al., 1997) identified its closest relatives. Sequences used in the phylogenetic analysis were obtained from the RDP (version 8) (Maidak et al., 2001) and GenBank (Benson et al., 1999) databases. Positions of sequence and alignment ambiguity were omitted and pairwise evolutionary distances were calculated with the method of Jukes & Cantor (1969) . A dendrogram was constructed using the neighbour-joining method (Saitou & Nei, 1987) . Confidence in the tree topology was determined by using 100 bootstrapped trees (Felsenstein, 1985) .
The enrichment cultures were positive for crude-oil tolerance after 1 week of incubation at 37 u C under agitation (150 r.p.m.). After several dilutions and subcultures in the same liquid medium, different stable microbial consortia developed. The morphologically dominant bacterial population was a motile and non-sporeforming bacterium. Subsequently, these enrichment cultures were serially diluted and used to inoculate Petri dishes. Numerous isolates were obtained from these different oilfield-water injection exhausts, and nine different isolates were chosen. The 16S rRNA genes of these nine strains were compared by amplified rDNA restriction analysis (ARDRA) profiles. Three of the pure colonies (LIT2, LIT3 and LIT4) showed similar ARDRA profiles (data not shown). Strain LIT2 T was selected for further characterization. T with those of some species from the genera Chromohalobacter and Halomonas and the type strain of Cobetia marina. The isolate is a mesophilic, Gram-negative, motile and strictly aerobic bacterium. The catalase reaction is positive. Cells are rod-shaped (1.0-4.0 mm long and 0.6-1.0 mm wide). Colonies are smooth, circular, low-convex, cream and 2-3 mm in diameter after 48 h at 37 u C. The temperature range supporting growth is 15-45 u C, the optimal temperature being 37 u C. The pH range for growth is 5-10 with an optimum at pH 7.2. Moderately halophilic, with a NaCl range for growth of 10-250 g l 21 and an optimum at 100 g l
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. In API ZYM analysis, positive reactions occurred for alkaline phosphatase, esterase, leucine arylamidase, acid phosphatase and esterase lipase.
Negative reactions were observed for naphthol-AS-BIphosphohydrolase, a-glucosidase, a-fucosidase, cystine arylamidase, lipase, valine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, b-glucosidase, Nacetyl-b-glucosaminidase and a-mannosidase. The same biochemical tests were performed with strains LIT3 and LIT4, giving similar results (data not shown). The oxidase reaction distinguished strain LIT2
T clearly from all species of the genus Halomonas (Yoon et al., 2002) . Strain LIT2
T could be differentiated from Cobetia marina by ribose utilization, nitrate reduction, urease activity and by its mobility (Arahal et al., 2002 T by its utilization of mannose, maltose and ribose. Urease activity and H 2 S production confirmed the differentiation of strain LIT2 from Chromohalobacter salexigens and nitrate reduction and fructose utilization confirmed its differentiation from Chromohalobacter marismortui.
According to this combination of physiological characteristics, strain LIT2
T can be distinguished by at least three traits from all the species listed in Table 1 belonging to the genera Chromohalobacter, Halomonas and Cobetia. Other useful characteristics to differentiate strain LIT2
T from other phylogenetically related species belonging to the family Halomonadaceae are listed in Table 1 .
The growth behaviour of strain LIT2
T was studied in the presence of different antibiotics. The strain was susceptible to polymyxin (25 mg) and colistin (50 mg) and was weakly susceptible to penicillin (10 mg), but the strain was resistant to tetracycline (30 mg), streptomycin (10 mg), kanamycin (30 mg), neomycin (30 mg) and chloramphenicol (30 mg).
Strain LIT2
T has a cellular fatty acid profile containing large amounts of saturated and unsaturated fatty acids ( Table 2 ). The major fatty acids detected in strain LIT2 T were C 16 : 0 (26.9 %), C 18 : 1 v7c (22.6 %), C 16 : 1 v7c (20.4 %), C 19 : 0 (10.9 %) and C 17 : 0 (8 %). This profile is similar in many points to those of the type strains of previously described species belonging to the genera Chromohalobacter, Halomonas and Cobetia, confirming its position in the family Halomonadaceae (Yoon et al., 2002; Peçonek et al., 2006) . Moreover, similar to other members of the family Halomonadaceae, strain LIT2
T possessed low levels of the saturated cellular fatty acids C 10 : 0 (2.1 %), C 12 : 0 (2.8 %), C 12 : 0 3-OH (5.6 %) and C 14 : 0 (0.7 %). However, important differences were detected in the fatty acid profile of strain LIT2
T when compared with the profiles of representative type strains of the genera Chromohalobacter, Halomonas and Cobetia. Indeed, the proportion of C 19 : 0 cyclo v8c found in strain LIT2 T (10.9 %) is rather different from that reported for Chromohalobacter sarecensis (28 %) and Cobetia marina (2.7 %). Quantitative differences for C 17 : 0 might be used to confirm the differentiation of strains LIT2
T and LIT3 (ranging from 5.3-8 %) from Halomonas species (ranging from 0.2-1.8 %). In summary, the fatty acid profiles of strains LIT2
T and LIT3 differed significantly from those of other members of the family Halomonadaceae (Table 2 ).
The G+C content of genomic DNA of strain LIT2
T was 53.7 mol% as determined by HPLC, which is very low amongst the family Halomonadaceae. Nevertheless, this value falls within the range described for species of the family Halomonadaceae (52-74.6 mol%). Only two species, which are phylogenetically far from strain LIT2 T , show a lower G+C content (Halomonas venusta, 52-55 mol%; Halomonas aquamarina, 57-58 mol%). The DNA G+C content supported the assignment of strain LIT2
T to a new genus. (Arahal et al., 2002) . +, Positive; 2, negative; ND, not determined; NR, not reported. Kovacs (1956) .
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Almost-complete 16S rRNA gene sequences were determined for strains LIT3, LIT4 and LIT2
T . These sequences were aligned and compared with all bacterial sequences available in the GenBank database. A phylogenetic analysis based on 16S rRNA gene sequences showed that strains LIT2
T , LIT3 and LIT4 were members of the family Halomonadaceae. A neighbour-joining tree, showing the phylogenetic relationships between strains LIT2
T , LIT3 and LIT4 and selected representatives of the Halomonadaceae, is presented in Fig. 1 . The phylogenetic analyses showed that strains LIT2
T , LIT3 and LIT4 formed a new cluster which was adequate for genus assignment. This new proposed genus is phylogenetically as far from the genus Halomonas as from the genus Chromohalobacter. Thus, strains LIT2
T , LIT3 and LIT4 formed a phylogenetically very cohesive group, where strain LIT2
T exhibited similarity levels of 95.15-94.06 % with species of the genus Chromohalobacter, 94.65-94.21 % with species of the genus Halomonas and 93.57 % with the type strain of Cobetia marina. Moreover, no other bacterial species shared more than 95.15 % sequence similarity with strain LIT2
T . This low level of sequence similarity indicated that strain LIT2 T could be assigned to a new genus. The sequence of the type strain contained 12 signatures associated with the family Halomonadaceae (data not shown). By extension, it is also proposed that the related strains LIT3 and LIT4 be placed inside the same species of this new genus.
On the basis of these findings, it is proposed that strains LIT2 T , LIT3 and LIT4 represent a novel species in a new genus, Modicisalibacter tunisiensis gen. nov., sp. nov. nov., sp. nov.) and their closest relatives with validly published names belonging to the genera Chromohalobacter and Halomonas and other relatives belonging to the genera Cobetia, Carnimonas, Zymobacter and Halotalea. The tree was constructed using the neighbour-joining algorithm. Accession numbers are included. Bar, 0.02 substitutions per nucleotide position. 
